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Preprint YERPHI-1201(78)-89 

A.A, SAHAKIAN, H.N. ERITSIAN, A.S, HOVANESSIAN, 

S.K. NIKOGHOSSIAN 

A COMPLEX MAGNETIC SUSCEPTIBILITY MEASURING SYSTEM 

FOR HIGH TEMPERATURE SUPERCONDUCTORS WITH 

A TRANSFORMER BRIDGE CIRCUIT 

A measuring system for the complex magnetic susceptibility 

-X.
1

- X" of high-temperature superconductors is developed, The 

system i s baaed on recording the change in the magnitude of the 

complex conductivity of a measuring coil with a sample inserced 

in the arm of a tranaf ormer bridge i.n the range of frequenci es 

from 270 Hz to 20 kHz. The amplitude of the msgnetic field .C.L 

changes from 16 mOe to 500 mOe; the inductance sensibility 

is about 2f' H, the sensibility of the active component AR is 

about 0 . 02..n. , The temperature measurement accuracy makes ±0.1 K. 

The experimental curves for Y-Ba-Cu-0 at frequencies 270 Hz, 

1. 3 kHz , 5 kHz and 20 kHz, and a t t he ampl itude of the magnetic 

fi eld of about 50 mOe are obtained, I n comparison with the li­

tereture data, a noticeable change in t he behaviour of the tem­

perature dependence of x" on the frequ ency o f the magneti-:: 

field is observed. 

Yerevan Physics Institute 

Yerevan 1989 



IlpenpHHT Ell)H-1201(78)-89 

Y.n;K 538~214:537.312.62 

A.A.CAAIO!H, r.H.EFMUHH, A.c.orAHEI:HH, 
G.K.IIBKOrCX::HH 

H3MEPEIDlfE KOMITJJEKCHOtt MAI'Irn:'IHOtl BCX::IIPill1Mlll1BCX::'.m 

BHCOKOTmIEPATYPHI:lX CBEPXIIPOBO,lllIBKOB 

C IlOMCX!UilO TPAHCOOPMATOPHOtt MCX::TOBOtt CX™H 

PaspaOOTaHa cxeMa .D;JlJJ l1l'.3MepeHRSI ROM!IJl9KCHOtt MaI'HRTHOtt BOC­

npmrwnmocTR x I - x" Bl:lCOKOTeMnepaTYPHIIX CBepxnpoBO,!l;fll'lKOB, OC­

HOBa.HHa.R: Ha H3Mepemn! B9JlH'l'.l!H KOMilJ19RCHOtt rrpoBOJJ;l4MOCTH H3M9Pl1l'.· 

TeJll>HOtt KaTYIDitlJ c o6pa.3UOM. BKJIKJq9HHOtt B IIJ191:JO Tpa.HCcpopMaTOPHO· 

I'O MOCTa B 00.11,aCTH "JB.CTOT 270 m - 20 K.."f"'u. AMIIJmTy~ Ma.I'BHTHOrO 

IIOJIJI COCT8.BJl.f{9T 10 Ma - 500 M3; ')yBCTBRT9Jll.HOCTb ITO HH,DYRT:l:tB­

HOCTH AL ~ 2 MR..""B, 1:JYBCTBJ.IT9Jll.HOCTb IIO aKTHBHOii COCTa.B.'lHIO­

!ll9ii: t.R "'0,02 OM. To'll!ocu HSMepemm: TeMnepaTYPl:l ± O,I K. Ilo­

JIY"ISIDI sxcnepHMeHTaJ.U.ffile xpHBhle .D;JIJJ Y - Ba - Cu-0 HB 'mCTOTax 

270 m. I,3 ItlU, 5 RI'4. 20 Kl'u IIP:I! a.MWlliTY.D;9 Mal'llll'.THOro IJ0.711! 

,.., 50 M3. Ha.6JI~eHO 3aM9TH09 OT.7llftm9 xapaxTepa. IIOBe.n;eHWr T9.MIIe­

paTY.PHOii 3aBHClIMOCTH X" OT "JaC'l'OTl:l MaI'llll'.THOI'O IIOJIJI !IO CpaBH0-

llll'.ll C Jll!T0pa.Tj'p!WMH ~MH. 

EpeBaHCK:l'Itt ~3R1:J9CR:iltt HHCTl1l'.TyT 

EpeBaH 1989 

0.ItHO:l't l1l'.3 HBJIOOJiee BaJKHl:lX OOJiaCTeii H3Y"l9lil!R: cpH3H'i0CKUX xa~­

TepHCTHI< Bl:lCOROT0MI19paTYPHHX CBepxrrpOBO.n;1mROB (BTCII) HBJIJlaTCH 

HCCJie.n;oBaHHe :PIX ROMIIJ10RCHOii MarHHTHOtt BOCIIPHl1CM1:Jlif.BOCTH ·X'-x."n.PK 

M8JIHX CHHyCOl1l'.,IJ;aJl!>IWX Ma.I'HKTH!iX IIOJIKX h(t) =ho sin c.>t • .Ue:lfoTmr:TeJID­

Hali ~CTb BOCIIPHHM"IHBOCTH - ;(
1 

o6yCJIOBJ19Ha a;M>eKTOM iileftcHepa, 

a MHHMM "JB.CTb - x ,, nponopll,ROHWU.IIa IIOrJ!O!ll9HHO~ aHep:t"lIK !:l 06-

pasue. RaXO.rtfi!I19MCi'I'. B nepeMeHHOM MaI'HlITHOM IIOJ!e. H ~eT .1rncI>oP­

MaIUrn, no MHemm aBTOpOB [I] , 0 CJJ.a.60 CBJi3aHHHX ,10lt03ajicOHOB· 

CRHX. ueno'lRB.X. 

0TCYTCTBHe CTB.H,Ii;apTHOtt 0KCil9pHMeHTaJIDHO:l't T9XHHKH .nmtTYeT 

He06XO.n;HMOCTb cos.n;amm axcnepHM9HT8.iU.HO:l't CRCT0Ml:l WlF! HSMepeIDIJl 

Mal'HKTIWX xapaxTepHCTKK BTCIT MaTepHa.noB. 

Hs JlHTepaTYpIWx HCTO"JHKKOB HSB9CT9H M9TO.D; HSMepeHHi! ROMil­

Jl9KCHOii MarIDITHOtt BocnpIDWi'll'IBOCTH MaTepmuroB, o.cHo:ea.HIIIDi Ha 

B3aHMHOtt HH,DYKIJ,RH .n;BYX O.n;HHa.KOBl:lX BTOPH'IH!lX KaTYmex, BRJllj"J0.S:­

Hl:lX HaBCTpetzy H IIOMe~eHHl:lx B nepeMeHHoe MB.rHHTHOe IlOJle, KOTopoe 

C03.D;8.Ba,10Cb nepBK1:JHOtt RaTYIIIKOft (2] • BH~eJieHHHtt CHI'Hall pas.n;e.711!­

eTC.11 B ({la30BOM .n;eTeRTOpe Ha peaKTHBHYIO COCTa.BJlHRJeylO - x' , a c 

IlOMOntDIO H3MepeHHP.: aMIIJliITY.ll;l:l TpeT~eii: rapMOHM!tH onpe~eJIJleTCJi Be­

Jll!'IHHa MffiIMOit 'iaCTH M8.l'HHTHOtt DOCIIpmtM1lllBOCTK - :X". 
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lisMepeHKR:, Bl:lIIOJIHeHl:lHe no Bhtmeoi:m:crumott MeTo.itmte, npoBO.ItH­

JIKCh Ha pa3HHX 'Ul.C'l'OTax MaI'HHTHOrO IIOJlJI: 20 - 90 m [I ,3], 

I32 m [4J , 70 - 320 ~ [5J, so - 500 m (6. 7], 600 ra c2J. 

ICXi - 700 m [SJ, IO - IOOO ru (9] •. AMIIJlKTYlJ!i M8.I'HRTHoro IIOJIR 

h0 B STIDC pa.6oTax R3MeHJIJia.Ch B npe.u;e.nax 5 M8 - IO 8. 

B .IJ;aHHOtt pa60Te npe~araeTCH mJall MeTO.u;RKa XSMepeHH.R: Mal'HHT­

HOtt B00Ilplfii!Mln[80CTJI[ Ma.TepH8J.tOB, OCHOBa.HHa.il H8. HSMepeHHH BeJilPIH­

ffil KOMIIJJ.eKCHO! IIPOBO,IUIMOCTK KaTY!llltK c o6pasuoM, BRJIIJtieHHott B 

IIJle'IO YCOBepmeHCTBOBaHl!OrO TpaHCWOPMa.TOpHoro MOCT8 rp~e-

pa [IO] B 06JiaCTH 'l!aCTOT 270 m - 20 ~. Oco6eHHOCThD npe.n.na­

raeMott M0TO.z;:ma! RBJIR0TCH OTCYTCTBHe napa.SHTHliX BSa.HMOBJIRIUilll1!: 

R3MepHTMl>HliX KaTYmeK, cpa.Blll!T0Jll>HO nmpom ~CTOTHllH ,nmna30H 

H3MepeHWJ H npocTOTa HSrOTOBJieHHH. 

Ha PRC.I npe~cTa.BJJ.eHa np~HB.JI cxeMa. HSMepHTeJJ.bHoro 

MOCTa H 6..lOK-CXeMa CHCTeMH SJ10KTPOHHOtt pel'HCTpaUHH. lisMepHTeJll>­

Hlltt MOCT COCTOHT HS HSMepzTeJlldloro TPaHCWOPMaTOpa 5, HSMepzTeJII>­

HliX KaTYmex Lo , a TaIUte no.u;cTpoe~x ( L , R ) H F..B.1Ilil'.ClpoBo'IHHx 

( L 1< , RK) llli,ItYKTHBHOcTett z conpoTKBJJ.eHHH. B Ka'leCTBe BepXHero 

IIJJ.e'la H3MBPHT6JlbHOro MOCTa CJJ.Yl!IB.T ,u;Be nep:mr'llllle C.HMMeTp~e 

o6MOTKH HSMepRTa.Jll>Horo TPaHcqJOpMa.TOpa 5, HaMOTaHHl:le B 0,ItHHaKO­

BOe KO."llf'{BCTBO BKTKOB. Ha cpe,w!llll TO'Ucy nep:sz~ott KaTYllOO'l'. OT 

reHepaTOpa OKHyCOK;!taJ!l>HHX CHI'HaJIOB ~epes nepeMeHHoe COIIpoTHBJie­

mrn r no.u;aeTc.P. Hanpm1teHHe. AMIIJl.HTY.IJ;?- HaIIPfDleIDUI, K CJie,JJ;OBa­

•re.nwo B6JllPOOIB. a.MIIJmTY,ll;H MarmrTHoro noM peryJntpyll'l'cn nepeMeH­

lfllM peSHCTOpoM r . B I<a.'10CTBe HmltHero Il'Jl0'1S MOC'l'a. CJIY!tS.T H8-

PHTOJJ.bH!le KaTYIIOOI L 0 H IlO<'.Jie,u;oBa.TeJU.HO. IIO,D;K.lltReHH!ie K If.HM 

OTpoe"!'HYe l! .KaJIR6pOBO'IH!le MOMeHT!i. lisMepne~u.HYe KaTYlllKH 
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pa.CIIOJl.OllteHli Ha owmtt OCH Ha. pa.ccTomnm IO MM H KO!ICTpyKTllBHO 

BhlIIOJJ.HeH!i O.u;HHaltOBott reoMeTpKe!. BHYTPK aTliX YATYmex pasMe:qaeT­

ca cne~mra .u;epmTeJll> o6pa.sua c ,u;a.TtmROM TeMIIepaTJ.[H Cu w 

Hal'pe:sa.TeJieM o6pasua. 06paseu pacnomraeTcn Ta:KBM o6pasoM, 'IT0-

6R OH Ha.XO,JJ;HJJ.CH B cpe,wiett 'la.CTR Hl'!l!Hett H81MepHTeJll.HO~ Ra.Tyil!P'.J! 

Lo • IlpK noMOll1K nepeMeHHo~ IIBJJYKTHBHOCTH L H rrepeMeHHoro pe-

3HCTOpa R nepe.u; KaMepeHHeM MOCT 6aJiaHcJipyeTcsr. C nMeHemreM 

TeMnepaTJpil H3MeHHeTCH MarHHTHa.ff BOCIIPHKM'<DIIBOCTh HCCJie,Jty'eMoro 

o6pa.Sllfi, ROTOIXUI IIPHBO.u;HT K HSMeHeHHIO IDJ,IJYXTHBHOCTH l!3MepHTeJ'J,­

HO:tt KaTymKH l..o c o6pasuoM, H CJJ.0,Jl;OBa.TeJll>HO, pa.86a.JJ.8HCY MOCTa, 

BCJJ.e;nCTBHe qero IIOllBJIH0TCH COOTBeTcTByll!IHI CHI'H!lJI Ha DTOpl!'lllott 

06MOTKe TpaHcqiopua.TOpa 5. 8TOT CHI'HB.~ no.naeTcn Ha BXO.IJ; ceJieKTHB­

HOro ycwutTeJIJi 2 H IIOCJie YCltlleHKH II0l!{i0TCJ! Ha BXO,J:tli qRSOBHX .u;e-­

TeKTOpoB 3 H 4. .u..rur Cpe.:BHeHWJ qas K HHM rro.naeTcn TS.Rlle C1ll'H8Jl 

OT reHepaTopa I . G.ttmI JIS .u;eTeRTOPOB IIO qase Ha.CTpoeH Ba peaKTHB­

HYll COCTallJIHlleyll CllI'H8JIB. i;aa6a.naHca 3 . a BTOpoil: - Ha aKTHB.Hyll 

COC'1'8.BJ.UDJllYll 4 . BH,tteJieHH!le CHI'H8Jlli IIOlI{illTCJI H8. . y BXO.Itli .u;BYXKO­

OMJ!HliTH!:lX cat.40IIHCneB x y • Ilepe.u; HSMepeHHeM IlpH IIOMOlllK sapaHee 

zs:eecTHHX 8.ZleMeHTOB L K H R K qasoBHe ;neTeKTOJ;li R8Jll!6pymcs. 

.IJ.aT'IHROM TeMIIei;aTY?I CJIYUT conpoTHBJieHHe Cu , zsroToBJieH­

Hoe HS Me,wioro IlpOBOlI{i, qepes ROTOpoe IIpoTexaeT CTa6JIJIHSH.POBa.H­

Hlift TOR OT HCT.O"IHHRS. TORS. 6. HanpJDttemte, ~D11ee Ha conpoTKBJJ.e­

mre, ycliLllHBae'l'CJI IlpH IIOMOlllK YCHJIHTeJJ.H 7, H STOT CHI'HaJl IIOCTj'IIa­

eT Ha x BXO,J:tli .u;BYXROOp,ItHHB.THl:lX Ca.MoxmcueB x y . 
BHllleolil![caHHaJI HSMeplil'l'eJUdI8Ji CHCTeMa HMeeT CJie;izymtHe 'l'exHH­

teCRHe IJB..:p9.M0T},E: ~OH 118.CTOT MaI'HHTHOro IIOJIH 2'70 I'n-20 1d'n 
aMil11Jl'l'YJl1l Y!U'BJITBoro mwr IO MS - 500 M8, -qyBcTBH'l'eJll>Hocn no 
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.lllillYRTBllHOC'l'lI: ~L.. - 2 MKI'H. tJYBCTBKTem.eOCT:D no a.Y.'fill!HOO coc­

Ta:BJ'Vii!llie~ AR 0,02 OM. llir,cyRTJDYIOC'l'H H3Mepi.'ITeJUiBHX RaTYJllelt L0 

a nepEH1llillX 06MOTOit Tprulaj!Opl&lTOpa 5 CCCTBLT...imT .v 3.., Mf"H. To..,_ 

lOCTb K3MepeHl!H TeamepaTyJlll COCT8BJllleT ! 0.1 K. 
Ha pHc.2 a,6,B,r npe.ncTaBJteHH aKcnepm1eHTaJlld!He KpmEe TeM­

'1epaTYpHo~ 3aBKCHMOCTH p eaKTHBHOi li axTHBHoi COCTa.B.11HD11ei M!ll'­

.ntTHOH Bocnpm.n.l'IKBOCTM Y- Ba -Cu - 0 B6mt:s11 '1.'e~mepaTY.PH nepexo;J¥l 

T0 • Ma.Mettetrne BeJllfCiiffill ff!WRT1IB1i'.OCTH 1... 0 , BHSBB.HHoe BBe.iteHl!­

eM o6pa3$ B lf3MepHTMI.HyD .. IUl'!'yllIR;Y. COCTaRMJIO ,...,. 0,3 .MI'H, a 
. r .• 

Be.Jll'f'Il'!Ha 'faMeHeillll! aKTBBHOB lJaCTB conpoTHBJieHHH ~ I, U OM. 

Xp-.dBlie, 

C;Hc:pa 

• e JAJMeH>:OOTC.'i 11 ~OM 'U:lCTOTHoM ~naaoHe. Jj . OTJm'lll:e OT . ClTOI'O, 
' ""h.R"'if ' H' !- -...... ('_ , . -'II. . ......., W) f ,, 

'"''eMI1epazypimH XO.lt WWMo!i 'Jae'l'K MaI'HBTHOA BOCnpmtM'DIBOC'l.ll ( x ) ' 
oc'.iyCJJaBJlllBallllA .JtHCC.HIIB.nHD anepr:im B' HsMepaeldOM o6pasue, cymecT­

.eemo BS;&eJISie'?M OT lJaCTO-l'H Mal'HH'1HOro IiOJ.UI. JJ.o HeKOTOpoi "xa­

!BKT0P11C'l'll'reCKO:I:" '18.C'l'O'?H Mal'HH'l'Horo nOJVI (2 - 3 KI'u) ,I(IICC~ 

aeepl'Bll :a o6~3Ile mme Tewepa'l'YPi Tc nociromma •• ·B6.11K3H T0 oHa 

~Kalllt006pa3HO ywem.maere11 B :mmle 3TOI '!0MIIB!l6'!)1ii OCTa.0'fM He-
, .,. - - :. 

ilSYelDlol. a.me -qacTO'l'U 3 KI'It B CBe~eM COC'l'OJllllm ,ltliC-
r"' ., 

CHilBllHJI aHeprmI B "o6~e j'Mem.maeTCH KB o6JiacTB TeMIIepaTylJI 

CBepxnpoBOJtSDteI'O nepexon;l llMB.JVIMM 1DIK Xi. • Ka~6~HHO aHa­

JIOI'lfllll8JI Y.ap-mea ll~TCll lIJ5I OOJlee J!iJCOKllX 1:18.c'?O'f&X Mat"BJlTBO­

I'O ·nOJIJI lf.O ~ KI.'q. ~ellil Jum x• JI}lH '18C'l'OTe BSme 3 x.I'n 

corJI.acyeTCH c JlllTeJ6TY.PHHMB ~ {5,7f!·' DOJ!Yll~ . ~ 
~ JI r..r""': , "".-n • - ~· 

.zwyroro 'l'.llllia B'.ICII. OJtimKo DOJJ)"leHH.lie Halfll ncnepm&eR'1'8JJI.HHe .111Ul· 
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Hlie TeMllepa.TypHOit 38.BKCKMqCTH x" mme 2 ~ cymecTBeHHO 0TJU1-

"lal'.l'l'CH OT pesyJI:&TaTOB aTIDC a.BTOpoB, ROTOpl:le IIpoBO,I(IIJlR HCCJie,no­

Ba.HWI B 06Jla.CTH 'ffi.CTOT 70 - 700 ~- ITO-BH.l(IIMOMY, Ta.Roe OTJIKllKe 

CBSlsaHO c oco6eHHOCTHMH ~K3K"l0CKiDC CBOttCTB KCCJie,DYeM!ix o6pa.suoB. 

IlpHBell.eHHHe aRcnepHMeHTaJl:&Hl:le RpHBHe ROMllJleRCHOit V.a.rHHTHO~ 

BOCTipmIWmBOCTH x'- ix'' ,I(JI.11 Y- Ba - Cu -o noKa.3Iraa.M CY!ileCTBeH­

ffO Bl:lCOR;yID mriflol)MaTHBHOCT:& aTOit MeTO,IOIRH no Cpa.BHeHHn c Tpa,n;H­

UHOHIWMH H3MepeHl:U!MH TeMIIepaTYpHOit 38.BHCHMOCTH HH.DYRTHBHOit coc­

Ta.BJIJUll{SH X' B6Jm3H TeMllepa.TYPfi rrepexo,Ita T0 • 3To o6CTOSJTeJI:&­

cTBo, IIO HailleM;y MHeIDill, MOJJteT Hl'pa.T:& orrpelf.eJieHHYll pon B IIOHH­

MaHHK ~3.K'ISCROI'O MexaHK3Ma. IIOSIBJ!.eHHJi Bl:lCOROTeMllepa.TypHOit CBepx­

npoBOlf.HMOCTH B BTCIT MaTepmwia.x • 

Ta:KKM o6pa.soM, npe,n:.noaeHHa.SJ cxeMa rrosBoJJHeT HC9Jielf.OBa.T:& 

KOMilJISRCHYll Mlll'HH'l'HYll BOCnp.lmlvf<U[BOCT:& B'IDil Ma.TepHBJIOB B c~­

TeJI:&HO nm:poROM ,ItH.aIIB.30He 'la.CTOT H aMIIJmTj'lf. Ma.l'HKTHOI'O IIOJISI c 

D;OCT8.T0'1HO BllCOROit TO'llHOCT:&I>. 0Ha MOl!ST 6l:lT:& npKMeHeHa Ta.IQte 

n.i:ur HCCJlSlf.OBaHl!SI Mal'HKTHYX IJapa.MeTpOB ll.PYI':ltX Ma.TepKaAOB. 
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Pzc. I MOK-CXeMa R3MepzTeJ!bHOtt CRCTeMH ,n.JUI R8Mepe.HRH x' R x" 
I - reHepa'!•op cmzycoz.na;n,HIDC Clll'P.aJIOB; 2 - ceJieKTRBHIDl: 

yc~JllITeJ!b; 3,4 - 'llasoBHe ;n;eTeKTO.PH; 5 - K3Mep:e:TeJioH!ltt 

Tpa.HC~pMaTop; 6 - RCTO"illliK IIOCTOHHHOro TOKa; 7 - YCKJm­

T~Jll> IIOCTO.fIHHOrO HallpSDKeHIDI; r - peryJlHTOp aMilJIRTY~ 

MarHKTHoro rroM; L K = IOO MKI'H, R K = 2 Or.1 - Ka.JIH6poBO'IJ-

Jl!le aJieMeHTH; K 1 , K 2 - rrepeKJIIOlJB.TeJIR KaJIJl6poBo'Il!Hx 

a~eMeHTOB; L = 0,3 - I,5 MI'H, R = IO OM - rrepeMeHHHe 

_no;n;cTpoe"!llble IDWKTHBHOCTI> :a corrpoTRBJieHKe; Cu - Me.n;tIOt. 

corrpoTiraJie:mrn, ;n;a.T"!RK TeMrrepaTYPll; Lo ~ 30 MI'H - KSMe­

p:aTeJ!l>HHe Ka.TYlllKl!:; x y - .ItBYXKOop.n;ruraTHWi C&lOI!RCe~. 
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'llmOCTH X' - i X" WJJI Y- Ba-Cu-0 np:ii: _ra8JlRlmlix '!JaCTOTax 

nepeMelilioro MaI'HHTHoro no.rur: 

a) f = 270 l'n; 6) t ::i: I,3 R!'n; B) 

r) r = 20 xrn. 
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